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The availability of intensive care unit (ICU) resources varies widely among low-, middle-and high-income countries, with demand exceeding capacity in many settings. [1] The decision to admit patients to ICU has to take into consideration available resources and the likelihood of a successful outcome. [2] Admission criteria should therefore assess whether ICU will add value to the patient's overall management and eventual outcome, and consider that a patient's health status, diagnosis and severity of illness all influence his/her risk of death. [3] Social factors determining access to health services include income, location and transport. These all contribute to a delay in presentation, possibly leading to more advanced disease and poorer outcomes. Access to social grants is associated with decreased illness and improved growth monitoring and therefore plays an important role in mitigating these factors. [4] HIV has placed increased demands on health services in South Africa (SA), [5] with many infected children presenting in early infancy with life-threatening illnesses. The introduction of antiretroviral (ARV) therapy has improved the outcome of HIV-infected children, leading to a review of paediatric ICU (PICU) admission criteria with greater accommodation of these children. [5] Globally severe malnutrition affects 13 million children under the age of 5 years, with case fatality rates between 20% and 30%. [6] The second highest burden is seen in sub-Saharan Africa. [6] A low weight centile has been shown to be an independent risk factor for mortality in intensive care. [7] Clinical scoring systems are objective measures that may be used to assess the performance of ICUs. [8] They can thus aid the optimal use of PICU resources by evaluating the quality of medical care received. [9] The Pediatric Risk of Mortality (PRISM) score uses clinical, physiological and laboratory variables in the first 24 hours of PICU admission, to attain a score assessing severity of illness. [10] Although validated for use in the USA, [11] its validity in an SA population has been questioned. [12] The Paediatric Index of Mortality (PIM) score is a simpler tool using eight parameters to assess mortality risk on admission. [8] The latest version of PIM, PIM3, has not been evaluated in an SA setting.
Additionally, organ dysfunction scores can be used to assess the severity of illness at various points during the ICU admission. The Pediatric Logistic Organ Dysfunction (PELOD) score is one such score quantifying organ dysfunction on admission or throughout the clinical course where parameters are collected daily. [13] An eight-bed PICU was commissioned in Grey's Hospital in 2003 with facilities to ventilate up to four patients simultaneously. This unit serves the 1.2 million children in the western half of KwaZuluNatal, admitting patients from both inside and outside the hospital. Externally referred patients include those from hospitals within a 300-km radius of Pietermaritzburg. The decision to admit is made by the intensivist in charge of the unit, who balances multiple factors, including the availability of beds, the possibility of discharging patients and the stability for transfer of the patient.
In this study, demographic factors (age, gender, and source of referral), underlying health status (immunisation, nutritional and HIV status), diagnosis on admission and scoring systems (PRISM, PELOD and PIM3) were reviewed to assess their association with Background. The admission of children to an intensive care unit (ICU) necessitates the selection of children who will benefit most from scarce ICU resources. Decisions should be based on objective data available on outcomes related to particular conditions and resource availability. Objective. To determine which sociodemographic factors and paediatric scoring systems can be used on admission to identify patients who would derive the most benefit. Methods. A retrospective review was undertaken of the charts of children admitted to a paediatric ICU (PICU) over a 6-month period. Charts were analysed according to health status, biographical and demographic data, as well as Pediatric Risk of Mortality (PRISM), Pediatric Logistic Organ Dysfunction (PELOD) and Paediatric Index of Mortality 3 (PIM3) scores to determine which factors were associated with an increased mortality risk. Results. Two hundred and two children were admitted during the study period. Ninety-six children were included in the study, 79 files were not found and 27 children were ineligible. The median age was 14 months and the mortality rate was 15.6%. The significant factor associated with mortality was severe malnutrition. In total 88% of required data were available for the calculation of both the PRISM and PELOD scores and 95% for PIM3 score. The PRISM, PELOD and PIM3 standardised mortality ratios were 2.5, 4.8 and 2.9, respectively. P-values for PRISM, PELOD and PIM3 were <0.05. Conclusion. Severe malnutrition is a statistically significant factor in predicting mortality. This possibly reflects the social context in which the children live. PRISM, PELOD and PIM3 underpredict mortality in our setting. A larger sample is required to verify these outcomes and to determine whether other factors play a role. Factors present on admission associated with increased mortality in children admitted to a paediatric intensive care unit (PICU) RESEARCH survival in this setting. The purpose of the review was to establish more objective measures to be used in considering PICU admission.
Methods
The PICU admission register at Grey's Hospital was screened to identify those patients meeting the inclusion criteria during the 6-month period, 1 January -30 June 2011. A retrospective chart review was undertaken for all these admissions. Patients were identified from their clinical records retrieved from the medical records department. Inclusion criteria were age <13 years, first admission to PICU, and baseline blood investigations done within 3 hours of admission. Exclusion criteria were readmissions for the same condition during a single hospital stay, elective surgical procedures, and children in the home-based tracheotomy programme. Data were collected by the primary author (CLH) and one additional doctor. Data checks were performed in Microsoft Access (USA) by author RJH to identify missing or incorrect values, and these were corrected where possible.
The corrected data were entered into an Excel spreadsheet (Microsoft, USA) and statistical software EpiInfo 7 (Centers for Disease Control, USA) was used for analysis.
The nutritional classification of the study population is presented according to the nutritional classification mentioned in the clinical notes, the Wellcome classification for children older than 10 years and the World Health Organization (WHO) weight-for-age z-score (WAZ score) for those below 10 years of age. Surrogate WAZ scores were allocated to children older than 10 years as follows: weight above the 25th centile equated to a WAZ score >−2, weight between the 5th and 25th centile were classified as a WAZ score between −2 and −3 and those below the 5th centile were given a WAZ score <−3. Weights were documented for 95 patients but the heights were documented for only 18, making it impossible to apply the weightfor-height z-score (WHZ score).
The PRISM, PELOD and PIM3 scores were calculated according to the prescribed calculations.
The PRISM and PELOD data were ~88% complete (i.e. had ~12% missing data) while information for the PIM3 was 95% complete. In order to quantify the possible effect of missing data elements in PRISM and PELOD, normal values were allocated. PIM3 gives instructions on what to do if a data element is missing and this was applied accordingly. The deficiencies in the data were accounted for as accurately as possible.
The analysis assessed the association of biographical factors, health status and disease pattern, as well as PRISM, PELOD and PIM3 scores with outcome. A multivariate analysis analysed the relationship between age, grant 
Results
During the study period there were 202 admissions to Grey's Hospital PICU. Seventynine files were not found and 27 patients were excluded, including 13 readmissions, 4 children older than 13 years and 10 patients admitted following elective surgery. Consequently, 96 patients were included in the analysis. Eight male and 7 female patients died, with a total mortality rate of 15.6%. Table 1 illustrates the demographic data of the study population. Male patients constituted 53%. Ages ranged from 0 to 142 months with a median of 14 months. Forty-three percent were under 1 year of age, including nine neonates who were admitted when the neonatal ICU was full. Of the 15 deaths, 9 were of children under the age of 6 months (60.0%) even though this age group constituted only 22% of the total admissions. Two deaths (13.3%) occurred in children older than 5 years although this age group constituted 30% of admissions.
Forty-eight percent of admissions were internal referrals from within Grey's Hospital and 52% were referred from outside. The mortality rate among internal referrals was 8.7% compared with 22.0% among those referred from outside the hospital. This difference was not statistically significant however, with a p-value of 0.0729.
The social grant status was known for 90 children, 50% of whom were receiving a grant. Of these, 42 were receiving a child support grant, 2 a care dependency grant and in 1 patient the type of grant was unknown. Those children who were not receiving a grant had a two-fold higher mortality than those who were (17.8% v. 8.9%). This difference was not statistically significant, with a p-value of 0.22.
In 75% of children the vaccination status was up to date, in 16% it was delayed and in 8% it was not documented. In all three of the above groups the mortality rate ranged from 12 to 15% (p=0.833). 
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Eleven patients were HIV-infected (11%), 17 were HIV-exposed (18%), 49 were HIV-negative (51%) and in 19 (20%) the HIV status was unknown. Seventy-two percent of HIV-infected patients were already on ARVs (8/11). HIV status was not found to have a statistically significant effect on survival (p=0.347). The distance individual children were transferred and their eventual outcome is also demonstrated. Seventy-three percent of the total deaths occurred in children referred from outside Grey's Hospital, while these children made up 52% of admissions. However, the apparent increased mortality rate with increasing distance from referral facility was not statistically significant (p=0.7154).
There was a significantly increased mortality rate in children who were classified as severely malnourished. Of the 15 children with severe acute malnutrition (SAM), 7 died (46.7%), compared with 4 deaths (5.9%) in those children with a normal nutritional status. This was statistically significant (p=0.003). For the WAZ score, those patients who plotted below −2 z-score made up 73% of the deaths (p=0.033).
In Table 2 , a multivariate analysis shows the relationship between grant status, age category and nutritional status. All three variables had a statistically significant correlation with each other. The majority of children who were not receiving a grant (66.7%) were under the age of 12 months, indicating that age is the covariate factor. These children also had a higher rate of malnutrition (64.3%). Seventy-one percent of children who were receiving a grant were older than 12 months. Table 3 portrays the diagnostic categories of the patient population. Only the primary admission diagnosis was recorded. The majority of children (67.7%) had a medical diagnosis, with respiratory illness comprising 32.3% of all admissions. Over half of all deaths (53.3%) were associated with respiratory illnesses (n=8/15) and both patients with gastrointestinal tract (GIT) problems had liver failure and died. The diagnoses of the two patients who died in the surgical category were bowel obstruction and post relaparotomy for abdominal sepsis.
The average length of stay of patients was 4 days, with a range of 0 -20 days. A fifth of deaths occurred within 24 hours and almost half (46.7%) within the first 48 hours. Table 4 indicates the number of parameters available for the calculation of the PRISM, PELOD and PIM3 scores. Twenty-five patients had all the information required to calculate the PRISM score and 23 the PELOD score. In total 88% of data were complete for the calculation of both the PRISM and PELOD scores. The data completion rate for PIM3 was much higher (95%).
The dominant missing parameters included INR (61%) and partial pressure of carbon dioxide (PaCO2) (22%) for the PRISM calculation and serum glutamic oxaloacetic transaminase (SGOT) (41%) for the PELOD calculation.
As expected, higher scores were associated with a higher mortality. Noteworthy, however, is that all three scores significantly underpredicted the number of deaths. Fig. 1 illustrates the relationship between the actual and expected deaths for the PRISM, PELOD and PIM3 scores. The standardised mortality ratios (SMRs) for PRISM, PELOD and PIM3 were 2.5, 4.8 and 3.3, respectively. Table 5 displays the diagnostic categories used to calculate PIM3. Only 20% of the study population were able to be categorised according to this list. Of note is that HIV, nutritional status and other communicable diseases do not form part of this categorisation. 
Diagnostic category Zero is chosen if not sure
Low-risk diagnosis 0. None 
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Discussion
Although 8 -10% of SA's gross domestic product (GDP) is spent on health, [1] critical care remains a scarce resource. [14] In light of these resource difficulties one needs to ask 'Who are the most likely to survive on the best evidence available?' [15] This question highlights the difficult ethical questions raised in providing these services. Ultimately, the provision of any health service has to take into account basic and preventive medical care [1] to mitigate the need for critical care. The limitations to this study are the retrospective nature, small sample size and missing data required to calculate PRISM and PELOD scores. It does, however, highlight some important issues.
The overall mortality rate for children in this study was 15.6%, which correlates with the 14.9% reported from Tygerberg Children's Hospital in Cape Town. [16] This is lower than other middle-income countries such as Egypt (33.1%) [17] Saudi Arabia (37.4%) [11] and India (24.3%). [9] In China, however, this figure drops to 2.64%, [18] which is more in keeping with high-income countries where rates are generally <10%. The Netherlands, USA and Australia have total mortality rates of 6.6%, 4.86% and 4.25%, respectively. [18] Children <1 year of age comprised only half (46.9%) of all ad missions yet accounted for two-thirds of the deaths, with a mortality rate of 22.2% in the age group. This correlates with experience in Cairo [17] and Saudi Arabia, [11] where the highest mortality rates (43.95% and 65.6%, respectively) were found in patients <1 year of age. These facts point to increased vulnerability in this age group and probably a need to be more aggressive in their management to improve outcomes.
Malnutrition remains a major public health burden in the developing world. Numa et al. [7] demonstrated that extremes of weight have a significant impact on survival in ICU. Patients with weights below the 3rd centile had more than double the mortality of those at the 75th centile. [7] Nutritional status was found to be statistically significant in this study at 5% (p<0.05). Sixty-four percent of infants were malnourished and 68% of malnourished children were not in receipt of a social grant. On multivariate analysis with age and nutritional status, malnutrition remained significant (R 2 significant change with malnutrition in the model). As children with primary malnutrition are not usually accepted into the ICU, the study population consisted of patients with malnutrition secondary to other underlying medical conditions. This probably reflects the severity or chronicity of the underlying condition and should be considered a poor prognostic marker when present and possibly a reason to preclude admission.
Forty-six percent of deaths occurred within 48 hours of admission. This high early mortality may reflect the quality of care in the periphery and during transfer, as well as resource and logistical challenges in the referral system. It was beyond the scope of this study to determine the impact of these factors. In KwaZulu-Natal however, 69% of public hospitals have no high-care or ICU facilities, [14] making stabilisation and presumably monitoring of patients prior to transfer a challenge.
There was a 50% greater chance of dying among children who were not receiving a grant. On multivariate analysis it was found that a significant proportion of these children (66.7%) were under the age of 1 year and that age, not grant status, was the significant factor (R 2 insignificant change with grant status in the model). This illustrates that age, and the vulnerabilities associated with infancy, is the covariate factor in interpreting the difference in mortality between those receiving and not receiving a social grant.
HIV status was not found to affect mortality in this study, although a large proportion of the study population had an unknown HIV status on admission. With the advent of ARV therapy, mortality in HIV-infected children has decreased significantly in both high-and middle-income countries. [5] Ultimately the aim should be to reduce the need for intensive care in these children and instead focus on improved systems to prevent mother-to-child transmission and the early initiation of ARVs where necessary. [16] Increasing PRISM, PELOD and PIM3 scores were all associated with increasing mortality rates, as expected (p<0.05). More remarkable, however, is that all three scores significantly underpredicted deaths in this population. The SMRs for PRISM, PELOD and PIM3 were 2.5, 4.8 and 3.3, respectively. These rates are higher than those found in the Netherlands [8] (0.95 with PRISM and 0.88 with PIM) while in India Taori et al. [9] reported an SMR of 1 with PRISM. Wells et al. [12] suggested that the different demographic characteristics and disease patterns of SA ICU patients may influence PRISM scoring. [12] PIM and PIM2 showed SMRs of 1.10 and 0.90, respectively, in an SA study. [19] The increased SMR in the study population may point towards failure of these scores to include underlying factors unique to our patient population. In PIM3, failure to include diagnoses common to our population (HIV infection, malnutrition, tuberculosis and other communicable diseases) leads to a large proportion of patients being allocated a score of zero. Many of these children would probably qualify for the high-and very-high-risk categories in an SA model. The study population, however, was too small to make accurate analyses in this regard.
The value of using the PRISM, PELOD and PIM3 in our setting may be to use the SMR to monitor the performance of the unit itself over time or to compare different units with the same resource limitations. [9] Solomon et al. [19] commented that PIM and PIM2 should not be used as screening tools as they are not accurate enough. The scores may need to be recalibrated or recalculated for the SA population [11] to more accurately determine disease severity.
Conclusion
This study highlights severe malnutrition as a statistically significant factor associated with mortality regardless of the cause of the malnutrition. This suggests there may be no value in differentiating between primary and secondary malnutrition in PICU admissions as outcomes remain poor. In addition, children under the age of 1 year had the highest proportion of malnutrition and deaths. This factor points strongly towards the need to practise early aggressive intervention in infants admitted to an ICU to improve outcomes in this age group.
PRISM, PELOD and PIM3 were all found to significantly underpredict death in our setting. It may not be relevant to use these scores to predict death in SA but the SMR can be used by units to compare their individual performance. The authors found the PIM3 to be the score with the most potential for reproducibility in that it has fewer variables and clear instructions on how to use it.
